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Method and device for a fast and continual detection of changes in the 



concentration of radon gas dissolved in water 



Description 



The invention concerns a method for the continual and. in particular, the fast detection of 
changes of the concentration of radon gas dissolved in water by means of transfer into a 
measuring gas (Rn-222) which can be adopted for a diversity of monitoring, control and 
regulation assignments. 

It concerns also a special device for the fast and continual transfer of radon gas (Rn-222) 
into a measuring gas and its further conveyance into detection systems for radon gas {Rn- 
222) which are specially made for this purpose and which are commercially available. 

The natural radioactive noble gas radon (Rn-222) occurs everywhere and constantly new, if 
and when the radium-226, formed in the decay series of uranium-238, decays. Ail geological 
materials contain uranium more or less. For this reason, radon is also omnipresent and can 
also be found in water in various concentrations. For the measurement-technical detection of 
the concentration of radon in water, there are numerous methods available with regard to the 
working principle which can be applied both in the field as well as in the laboratory. 

The continual detection of concentrations of changes of radon occurring in water is of major 
interest for numerous and possible applications. However, the time-related dissolutions 
realised with various methods up to now have proven to be inadequate and/or unsuitable, so 
that the desired information was either non-available or only insufficiently available. 



A representative selection of examples for the possible use are the optimisation of sample 
extraction from ground water measuring locations, the monitoring of radon carriage in spring 
water as one of several factors for earthquake research and, furthermore, the inspection of 
balneological applications of radon in water (quality assurance). 

The continual measurement of the concentration of radon (Rn-222) in water is known, by 
means of the transfer of the radon from the water through a water-tight, gas-permeable 
membrane, e.g., in the form of a hose, into a gas cycle (e.g., air) which is conducted through 
a radon measuring equipment unit, where the radon concentration in the gas cycle is 
determined by the measurement of the activity of the radon and its sequence products. 
(H. Surbeck, A Radon-in Water Monitor Based on Fast Gas Transfer Membranes, Int. Conf. 
Technologically Enhanced Natural Radioactivity (TENR) Caused by Non-Uranium Mining. 
October 16-19, 1996. Szczyrk. Poland). In the closed gas cycle, and with a time-lag 
corresponding to the half life periods of the sequence products, an activity concentration 
proportional to the radon concentration in the water builds itself up. 

The drawback with this device is the fact that, as a result of this time-related delay of the 
activity build-up. a continual determination of the radon concentration in the water, 
particularly a change in concentration, is only possible with a time-related dissolution of more 
than 15 min. 

Furthermore, the WO 97/43637 describes a method and devices for the characterisation of 
ground water measuring locations by means of a differentiation of ground water and stand 
water and serves, for example, for the determination of the pump-down times, which are 
optimal for quality examination purposes, of ground water measuring locations as well as the 
recognition and localisation of defects at ground water measuring locations. The invention is 
based on the measurement of radon activity concentration and/or the comprehensive activity 
concentration of the ground water samples. 

The measurement of the concentrations allows the determination of the relationship of 
ground water to stand water in a ground water measuring location. 

A new type of flow measuring cell as well as a bore-hole probe are described. 
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With all known methods and devices, the measuring gas is circulated through the diffusion 
hose and the measuring chamber. In this way, and corresponding to the half life period of 
the radon-222 of 3.8 days, a concentration equilibrium slowly builds up between the 
surrounding water and the measuring gas. The relatively long half life period prevents the 
registration of fast (in the minute range) changes of the radon concentration in the water. 

The invention is based on the task assignment of stating a method and a device for the fast 
and continual detection of changes in the concentration of radon gas dissolved in water 
which represent an economical and technically less sophisticated solution and which allow, 
either in a mobile or stationary mode, the detection of fast changes in the concentration of 
Q radon in the water with the highest possible time-related dissolution. 

q 

s,S This task assignment is solved according to the invention by means of the features in the 
III designating part of the Claims 1 and 7. 

•i 

Q Purposeful embodiments of the invention are described in the subclaims. 

A particular advantage of the invention lies in the fact that, in all the known solutions, the 
iQ existing enormous time-related delay in the detection of concentration changes of the radon 
jly gas dissolved in water is prevented and/or minimised by the fact that the gas cycle is 

opened. 

As a difference to the known methods and devices where a defined volume of water 
surrounds the diffusion hose in a more or less stationary manner, radon-free measuring gas 
according to the invention is constantly supplied to the one side of the diffusion hose. The 
measuring gas takes up the radioactive noble gas radon, which diffuses through the diffusion 
hose from the constantly and newly supplied water parallel or in the counter-current to the 
measuring gas on the other side of the diffusion hose with a optimised flow velocity, and 
conducts it to a suitable measuring facility. 



When stable peripheral conditions are ensured, the concentration of radon in the measuring 
gas is directly proportional to the concentration of radon in the water. 
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With the use of particularly suitable measuring facilities, even with small activity 
concentrations of a few Becquerel radon in a liter of water, time-related dissolutions in the 
range of approx. 2 minutes and less can be obtained. 

The dimensioning and the geometric form of the membrane as well as the flow velocities 
required for the water and the carrier gas can be optimised as required con^esponding to the 
concrete existing task assignments, the concentration range to be monitored and the desired 
time-related dissolution. 

As a result of the fact that constantly new and radon-free gas, e.g., air, is pumped through 
3 the gas zone (e.g., the diffusion hose) surrounded by water, and into the radon measuring 
Q equipment unit where it is continually measured and subsequently discharged to the ambient 
¥ surroundings, the build-up of sequence nuclides of the radon in the measuring gas over a 

,n 

longer period is avoided, thus preventing a delay of the time-related measuring effect. 

fSRP 

,p For the first time, and by means of this method, it is also possible to directly detect the 

y 

« decline of the radon concentration. 

U 

The invention will be better understood by the following preferred embodiments. 

Fig. 1: This figure shows a diagram for comparison purposes between the cycle and 

passage flow of the measuring gas, throughput of approx. 12 liters of pipe 
water per minute through the probe (specific activity: approx. 1 Bq radon per 
liter of water). 

If, as shown in Fig. 1, a measuring gas is transported in the cycle (dots), as was the case in 
the formeriy applied measuring methods, the measuring line is then considerably 
contaminated and is no longer in the position to be able to detect minor activity differences 
with the desired time dissolution. The status of equilibrium is achieved only after approx. 2 
hours. 



If new measuring gas is constantly applied in the throughput mode (squares), then a 
constant measuring signal builds up after a few minutes which is extensively proportional to 
the specific activity of radon in the water, reacts quickly to sporadic activity changes and 
only requires minor corrections. 

The invention is not limited to the embodiments described here. Moreover, it is possible to 
realise further embodiment variants by means of combination of the means and features 
stated above, without departing from the framework of the invention. 



